Award  Number:  W81 XWH-09-1  -0403 


title  :  Molecular  Determinants  Fundamental  to  Axon  Regeneration  after  SCI 


principal  investigator:  PI:  Jeffrey  Alan  Plunkett,  Ph.D. 

Co/PI:  Martin  Oudega,  Ph.D. 


CONTRACTING  ORGANIZATION: 

St.  Thomas  University,  INC 
Opa  Locka,  FL  33054 


REPORT  DATE:  July  2010 


TYPE  OF  REPORT:  Annual  Report 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT: 

X  Approved  for  public  release;  distribution  unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author  (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing 
this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202- 
4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently 
valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


1.  REPORT  DATE  (DD-MM-YYYY)  2.  REPORT  TYPE  3.  DATES  COVERED  (From  -  To) 

.  /  +.  5+2010  Annual  /  .  HSL  0.  .  7  +7  HSL  0.  /  . 


4.  TITLE  AND  SUBTITLE  5a.  CONTRACT  NUMBER 

Molecular  Determinants  Fundamental  to  Axon  Regeneration  after  SCI 

5b.  GRANT  NUMBER 

1)6/  VUF  +.  7-1/  +.  2.  1 

5c.  PROGRAM  ELEMENT  NUMBER 


6.  AUTHOR(S) 

Jeffery  Alan  Plunkett,  Ph.D. 


7.  PERFORMING  ORGANIZATION  NAME (S)  AND  ADDRESS (ES) 

St.  Thomas  University,  INC 
Opa  Locka  FL  33054 


5d.  PROJECT  NUMBER 


5e. TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 


9.  SPONSORING  /  MONITORING  AGENCY  NAME (S)  AND  ADDRESS(ES) 

U.S.  Army  Medical  Research 
And  Materiel  Command 
Fort  Detrick,  Maryland 
21702 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 


12.  DISTRIBUTION  /AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 


13.  SUPPLEMENTARY  NOTES 


14.  abstract  We  hypothesize  that  the  ability  to  grow  an  axon  over  CSPGs  is  intrinsic  to  adult  zebrafish  brainstem 
neurons  and  entails  the  expression  of  a  distinct  set  of  genes.  This  premise  will  be  addressed  using  in  vitro  adult 
zebrafish  brainstem  cell  culture  systems  and  in  vivo  adult  zebrafish  spinal  cord  injury  model  systems.  In  cultures  we 
have  observed  three  distinct  populations  of  brainstem  neurons  with  regard  to  their  response  to  chondroitin  sulfates 
(CS).  Some  cells  attach,  extend  processes,  and  remain  exclusively  associated  with  CS.  Other  cells  attach  outside 
and  extend  processes  into  CS-rich  areas.  A  third  kind  of  cell  was  found  to  attach  outside  and  extend  processes  up 
to  but  never  into  CS-rich  areas.  In  fact,  these  processes  were  clearly  repelled  by  CS.  We  are  currently  quantifying 
different  aspects  of  these  three  adult  zebrafish  brainstem  neuron  populations.  It  is  clear  from  our  first  data  that  we 
are  able  to  isolate  adult  zebrafish  brainstem  neurons  and  maintain  these  in  culture  in  the  presence  of  CS,  while 
typical  characteristics  in  relationship  to  CS  remain  present.  Thus  these  cultures  mimic  the  in  vivo  behaviors  of 
brainstem  populations  after  SCI.  In  parallel  to  these  in  vitro  studies,  we  have  developed  minimally  invasive  spinal 
cord  transection  and  tracer  injection  techniques.  These  are  currently  employed  to  investigate  the  evolution  of  the 
scar  and  the  time  course  of  axon  regeneration  after  spinal  cord  injury.  The  data  from  these  first  in  vivo  experiments 
will  serve  as  a  basis  to  optimize  our  harvest  of  retrogradely  labeled  adult  brainstem  neurons  that  did  or  did  not 
regenerate  their  axon  beyond  a  transection  site. 


16.  SECURITY  CLASSIFICATION  OF: 

17.  LIMITATION 

OF  ABSTRACT 

18.  NUMBER 

OF  PAGES 

19a.  NAME  OF  RESPONSIBLE  PERSON 

USAMRMC 

a.  REPORT 

u 

b.  ABSTRACT 

u 

c.  THIS  PAGE 

u 

UU 

23 

19b.  TELEPHONE  NUMBER  (include  area 
code) 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  Z39.18 


Table  of  Contents 


Page 

Introduction .  4 

Body .  4 

Key  Research  Accomplishments .  12 

Reportable  Outcomes .  13 

Conclusion .  16 

References .  16 


Appendices 


17 


Contract  #  W81XWH-09-1-0403 


Title:  Molecular  Determinants  Fundamental  to  Axon  Regeneration  after  SCI 
PI:  Dr.  Jeffrey  Alan  Plunkett 


Scientific  Progress  from  June  9,  2009  -  June  9,  2010  (Months  1-12) 

Introduction: 

The  zebrafish  spinal  cord  model  system  is  unique  because  of  the  co-existence  of  brainstem 
neurons  that  do  (regenerators)  and  others  that  don't  (non-regenerators)  grow  their  axon 
beyond  a  spinal  cord  injury.  These  responses  occur  in  the  presence  of  CS-PGs,  which  are 
well-known  inhibitors  of  axon  growth  in  the  injured  mammalian  spinal  cord.  In  this  proposal  (the 
first  phase  of  a  long-term  plan),  we  will  use  an  in  vitro  and  an  in  vivo  model  system  to  address 
the  overall  hypothesis  that  the  axon  growth  response  in  the  injured  zebrafish  spinal  cord  is 
intrinsic  to  brainstem  neurons  and  entails  the  expression  of  a  distinct  set  of  genes.  In  Specific 
Aim  1,  we  will  determine  in  vitro  the  effect  of  growth-inhibitory  CSs  on  axon  growth  from 
primary  brainstem  neurons  from  the  adult  zebrafish.  The  experiments  in  Specific  Aim  2  are 
designed  to  reveal  the  involvement  of  Ll.l  in  axon  growth.  In  Specific  Aim  3,  we  will  identify 
genes  thatare  fundamental  to  successful  axon  regeneration  pasta  CS-PG-rich  area  in  the 
injured  spinal  cord. 

Body: 

SOW: 

Specific  Aim  1 :  To  determine  in  vitro  the  effect  of  growth-inhibitory  chondroitin  sulfates 
on  axon  growth  from  adult  zebrafish  primary  brainstem  neurons. 

Experiments  will  be  performed  in  established  culture  model  systems  to  determine  the  extent  of 
axon  growth  by  isolated  zebrafish  brainstem  neurons  grown  on  substrates  of  purified  CS. 
Zebrafish  brainstem  neurons  have  been  cultured  in  the  Plunkett  laboratory  in  preliminary 
experiments.  The  dishes  will  be  covered  entirely  with  CS.  Control  cultures  will  have  no  CS 
(Months  1-9). 


Milestones: 

Specific  Aim  1.  Postdoctoral  Fellow/Research  Technician  (tbd);  Dr.  Plunkett's  laboratory. 
Month  1-3:  Establish  neuronal  cultures,  including  different  coatings. 


The  ACURO  approval  for  animal  use  was  reviewed  and  approval  was  granted  for  work  on 
specific  aims  1  and  2  on  August  24,  2009.  A  Postdoctoral  Fellow  was  hired  at  St.  Thomas 
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University  to  carry  out  the  work  set  forth  by  Aims 
1  and  2.  The  Postdoctoral  researcher  is  Dr. 
Alexis  Tapanes-Castillo  who  had  her  training  in 
the  laboratory  of  Prof.  Vance  Lemmon  at  the 
Miami  Project  to  Cure  Paralysis,  University  of 
Miami,  Miami,  FL. 

Culture  conditions  for  the  establishment  of  adult 
brainstem  cultures  have  been  accomplished  in 
the  3  month  review  period.  Specific  concentrations  for  plate  coating  with  nitrocellulose,  Poly-D 
lysine  and  laminin  have  been  established.  In  addition,  plating  densities  of  brainstem  cells  per 
well  have  been  established.  We  are  also  currently  working  on  serum-free  and  serum  weaning 
procedures  for  the  brainstem  cells  that  will  allow  for  an  environment  free  of  growth-permissive 
cues,  which  could  interfere  with  our  analyses.  With  culture  techniques  previously  established 
we  have  also  found  a  technique  using  fluorescent  antibodies  to  label  axons  and  brainstem 
cells.  Using  antibodies  directed  againsttubulin  we  have  found  that  under  appropriate  culture 
conditions  we  now  can  visualize  cells  with  >  lOOum  processes  after  6  days  in  culture  and  have 
determined  this  time-frame  to  be  appropriate  to  carry  out  the  experiments.  Furthermore,  the 
fluorescent  tubulin  labeling  has  allowed  us  to  visualize  many  more  cells  than  detected 
previously  using  DIC  light  microscopy.  A  micrograph  of  cells  labeled  with  antibodies  against 
tubulin  is  shown  in  Figure  1. 

In  other  experiments  we  have  also  established  proper  CS  coating  techniques  on 
substrates  described  above.  As  shown  in  Figure  2,  we  are  able  to  mix  CS  with  rhodamine 
dextran  and  so  exactly  detect  the  location  ofCSs  on  the  culture  dish  substrate  (note:  in  figure 
2,  CS  is  fluorescent  red).  We  will  be  using  this  procedure  to  coatthe  entire  well  to  establish 
the  ability  of  brainstem  cells  to  grow  on  this  CS-containing  substrate.  We  are  also  working  on 
the  establishment  of  control  cultures  for  our  CS  substrate  experiments.  These  controls  involve 

pre-conditioning  optic  crush  has  been 
performed.  P  ieces  of  retina  are  attached  to 
substrates  containing  CS  and  as  Becker  and 
colleagues  demonstrated  (J .  Neurosci. 
22(3):842-853,  2002)  the  regenerating  optic 
projection  axons  will  avoid  areas  of  active  CS. 
This  control  will  determine  in  our  experiments  if 
the  CSPG  substrates  applied  to  the  surface  are 
actively  inhibiting  axon  growth.  We  currently 
have  performed  the  optic  crush  experiments  to 
pre-lesion  the  optic  projection  axons  and  plated 
the  retina  tissues  7  days  following  the  crush.  Results  thus  far  in  several  wells  examined  have 
indicated  that  our  substrates  appear  to  be  inhibitory  to  the  optic  projection  axons.  However, 
more  experimentation  is  currently  ongoing  to  verify  these  results. 


the  use  of  optic  projection  neurons  in  which  a 


Fipure  2 


lOO  um 
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Month  4-6:  TestCS  inhibitory  action  and  loss  after  treatment  with  chondroitinase  ABC. 

Month  7-9:  Perform  Exp.  #1  and  #2  (all  conditions  simultaneously). 

Culture  conditions  for  the  establishment  of  adult  brainstem  cultures  have  been  accomplished  in 
the  3  month  review  period.  Specific  concentrations  for  plate  coating  with  nitrocellulose,  Poly-D 
lysine  and  laminin  have  been  established.  In  addition,  plating  densities  of  brainstem  cells  per 
well  have  been  established.  We  have  also  established  serum-free  and  serum  weaning 
procedures  for  the  brainstem  cells  that  will  allow  for  an  environment  free  of  growth-permissive 
cues.  In  separate  experiments  we  have  also  established  proper  CS  coating  techniques  on 
substrates  described  above. 

In  cultures  described  above  we  have  observed  three  distinct  populations  of  cells  with 
regard  to  their  response  to  CS  presented  to  them  in  culture.  We  have  identified  populations  of 
cells  that  attach,  extend  processes  and  remain  exclusively  associated  within  the  CS  area  on 
the  plate.  We  have  also  observed  a  population  of  cells  that  attach  outside  and  extend 
processes  into  the  CS  rich  areas.  Finally,  we  have  observed  a  population  of  cells  that  attach 
outside,  extend  processes  towards  but  never  into  CS  areas.  These  processes  are  repelled  by 
the  CS.  We  are  currently  performing  experiments  in  which  we  have  chondroitinase  ABC 
treated  the  substrates.  Flowever,  because  we  currently  have  populations  of  cells  that  grow 
inside,  and  cross  the  CS  barrier  we  feel  that  chondroitinase  ABC  treatment  experiments  will 
yield  little  informative  data.  Because  we  also  have  cells  that  cross  into  and  are  repelled  by  CS 
barriers  in  the  same  culture  dish,  the  optic  crush  control  experiments  will  not  be  necessary  for 
future  experiments.  The  brainstem  neurons  that  are  inhibited  by  the  CS  border  serves  as  its 
own  control  for  CS  border  inhibitory  efficacy. 


Figure  3.  Montage  image  of  cultured  brainstem  cellular  responses  to  CS.  Figure  shows 
two  of  the  cellular  responses  to  CS.  Dashed  line  represents  the  CS  border.  The  leftside  of 
the  dashed  line  is  coated  with  CS  and  the  rightside  ofthe  line  is  absent  of  CS.  Arrows  on  left 
side  offigure  show  a  cell  extending  processes  in  an  area  ofCS.  Arrows  on  the  rightside  of 
figure  show  cells  extending  processes  in  an  area  devoid  of  CS,  and  avoiding  the  CS  border 
(dashed  line). 
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Figure  4.  Triple-label  immunofluorescent  images  of  cultured  brainstem  cells  extending 
processes  and  entering  areas  of  CS.  CS  are  labeled  with  rhodamine  dextran  (red)  and 
axonal  processes  are  labeled  with  anti-tubulin  antibodies  with  a  fluorescein  (green)  secondary. 
Cell  nuclei  are  labeled  with  DAPI  (blue).  Figure  clearly  shows  a  population  of  adult  brainstem 
neurons  that  cross  into  areas  of  CS.  Note  of  added  proof:  within  the  same  culture  well,  we 
observed  cells  that  extended  processes  and  avoided  the  CS  border.  This  indicates  that  our 
CS  border  was  truly  inhibitory  to  other  populations  of  cells  with  in  the  same  culture  well. 
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Figure  5.  Double-label  immunofluorescent  image  of  cultured  brainstem  cells  extending 
processes  and  avoiding  areas  of  CSs.  CSs  are  labeled  with  rhodamine  dextran  (red)  and 
axonal  processes  are  labeled  with  anti-tubulin  antibodies  with  a  fluorescein  (green)  secondary. 
Figure  clearly  shows  a  population  of  adult  brainstem  neurons  thatavoid  areas  ofCS. 
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Figure  6.  Triple-label  immunofluorescent  images  of  cultured  brainstem  cells  extending 
processes  in  areas  of  CS.  CS  are  labeled  with  rhodamine  dextran  (red)  and  axonal 
processes  are  labeled  with  anti-tubulin  antibodies  with  a  fluorescein  (green)  secondary.  Cell 
nuclei  are  labeled  with  DAPI  (blue).  Figure  clearly  shows  a  population  of  adult  brainstem 
neurons  capable  of  extending  processes  within  CS.  Note  of  added  proof:  within  the  same 
culture  well,  we  observed  cells  that  extended  processes  and  avoided  the  CS  border.  This 
indicates  that  our  CS  border  was  truly  inhibitory  to  other  populations  of  cells  with  in  the  same 
culture  well. 


Month  10-12:  Analyze  results  Exp.  #1  and  #2.  Perform  Exp.  #3. 

Culture  conditions  for  adult  brainstem  cultures  have  been  further  refined  in  the  3  month  review 
period.  We  have  established  serum-free  and  serum  weaning  procedures  for  the  brainstem 
cells  that  will  allow  for  an  environment  free  of  growth-permissive  cues.  In  cultures  described 
above  we  have  observed  three  distinct  populations  of  cells  with  regard  to  their  response  to  CS 
presented  to  them  in  culture.  We  are  currently  performing  experiments  in  which  we  have 
quantitatively  analyzed  neuronal  populations  and  their  interactions  with  CS  borders.  Laminin- 
coated  plates  received  spots  of  CS.  We  have  identified  populations  of  cells  thatattach  and 
extend  processes  that  remain  exclusively  associated  with  CS  (Figures  6  and  7).  These  cells 
with  neurites  appeared  to  prefer  substrates  ofCSPG.  We  have  also  observed  a  population  of 
cells  that  attach  outside  and  extend  processes  into  CS-rich  areas  (Figures  4  and  7).  Finally, 
we  have  observed  a  population  of  cells  that  attach  outside  the  CS  area  and  extend  processes 
up  to  the  CS  border  but  appear  to  be  repelled  by  the  CS  (Figures  5  and  7). 
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Figure  7.  Cultured  brainstem  cellular  responses  to  CS.  Quantitative  data  were  obtained 
from  three  independent  experiments.  In  total  99  cells  were  included  in  the  analysis.  All 
analyzed  cells  were  within  20  pM  of  a  CS  border.  Graph  demonstrates  that  of  the  total  number 
of  neurites  analyzed,  9%  of  the  neurites  crossed  from  areas  of  laminin  alone  into  CS 
containing  areas  (Crossed).  Within  the  same  cultures,  79%  of  the  neurites  were  repelled  at 
CS  borders  (Repelled).  These  resulted  indicated  that  CS  are  inhibitory  to  a  sub-population  of 
brainstem  neurons.  A  population  of  brainstem  neurons  was  also  observed  that  exclusively 
associated  with  CS  (Inside). 


SOW: 

Specific  Aim  2:  To  determine  in  vitro  the  involvement  of  L1.1  in  axon  growth  from  adult 
zebrafish  primary  brainstem  neurons  over  growth-inhibitory  chondroitin  sulfates. 

Experiments  will  be  carried  out  using  established  culture  model  systems  to  determine  the 
extent  of  involvement  of  Ll.l  in  the  ability  of  adult  zebrafish  brainstem  neurons  to  grow  their 
axon  on  substrates  of  chondroitin  sulfates.  Ll.l  levels  in  cultured  neurons  will  be  perturbed 
using  antisense  morpholino  and  lentiviral  vectors  (to  be  generated  in  the  Viral  Vector  Core 
facility  at  the  University  of  Pittsburgh).  There  is  ample  evidence  in  the  literature  from  in  vivo 
and  in  vitro  experiments  that  Ll.l  (as  well  as  its  homolog  in  mammals,  LI)  is  crucial  for  axon 
regeneration.  Thus  our  data  are  physiologically  relevantfor  human  spinal  cord  injury/repair 
(Months  9-18). 


Milestones: 

Specific  Aim  2. 

Month  1-6:  Prepare/optimize  Ll.l  antisense/control  morpholino  and  LV-L1.1. 

Month  7-12:  Test  morpholino  and  LV  effects  on  Ll.l  in  neurons.  Perform  Experiments. 

To  determine  the  extent  of  involvement  of  Ll.l  in  the  ability  of  adult  zebrafish  brainstem 
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neurons  to  grow  their  axon  on  substrates  of  CS,  we  will  perturb  Ll.l  levels  in  cultured  neurons 
using  antisense  morpholino  oligos.  Two  morpholinos  were  ordered  from  Gene  Tools,  LLC 
(www.gene-tools.com):  (1)  a  fluoresceinated  standard  control  5'- 

CCTCTTACCTCAGTTACAATTTATA-3'  and  (2)  a  fluoresceinated  morpholino  directed  against 
Ll.l  5'-ATGAAAACAGCCCCGACTCCAGACA-3',  which  was  reported  to  significantly  reduce 
Ll.l  immunolabeling  in  vivo  (Becker  et  a I.,  2004).  To  deliver  morpholinos  into  cultured 
neurons,  we  are  currently  using  Endo-porter  (Gene  Tools),  a  weak-base  amphiphilic  peptide 
that  has  been  used  to  efficiently  deliver  morpholinos  into  cultured  cells  (Summerton,  2005).  In 
preliminary  experiments,  we  added  the  standard  control  morpholino  to  96-hour  adult  brainstem 
neuronal  cultures  and  have  determined  that  control  morpholino  was  efficiently  delivered  into 
some  brainstem  cells  (Figure  8).  Experiments  are  currently  underway  to  optimize  morpholino 
delivery.  We  will  then  test  the  effect  of  the  Ll.l  morpholino  on  neurons  exposed  to  growth- 
permissive  PDL/laminin  (control)  and  growth-inhibitory  CS. 
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Figure  8.  Delivery  of  control  morpholinos  into  cultured  brainstem  cells 

Neuronal  processes  are  labeled  with  an  anti-tubulin  antibody  and  an  Alexa-594  (red) 
secondary.  Cell  nuclei  are  labeled  with  DAPI  (blue).  Control  morpholino  labeled  with 
fluorescein  (green)  is  present  in  the  cell  body  of  the  cell  (panel  A).  Panel  B  shows  a  cell  from 
the  same  culture  well  thatdid  not  incorporate  morpholino.  Our  results  set  the  stage  for 
delivery  of  Ll.l  morpholinos. 
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SOW: 

Specifc  Aim  3:  To  identify  genes  involved  in  axon  regeneration  from  brainstem  neurons 
in  the  injured  adult  zebrafish  spinal  cord. 

Experiments  will  be  performed  to  label  brainstem  neurons  with  fast  blue  that  do  or  do  not, 
regenerate  an  axon  across  an  injury  in  the  adult  zebrafish  spinal  cord.  Non-regenerators  will 
be  collected  from  the  brainstem  of  zebrafish  that  received  no  spinal  cord  injury  or  an  injury 
including  a  piece  of  Teflon  to  prevent  any  regeneration.  Laser  capture  microdissection 
techniques  will  be  used  to  collect  these  two  neuron  populations.  Their  mRNA  will  be  isolated 
and  used  on  zebrafish  microarrays  to  reveal  genes  that  are  differentially  expressed.  We  will 
reference  our  results  to  the  gene  database  of  the  U  niversity  of  Kentucky 
(http://sciqenes.ukv.edu)  and  NCBI  "Entrez  Gene”  (search  axonal  regeneration) 
www.ncbi.nlm.nih.gov  database  to  allow  us  to  determine  genes  important  for  axon 
regeneration.  We  will  share  out  data  with  the  NCBI  Gene  Expression  Omnibus  Database  and 
the  Allen  spinal  cord  injury  atlas  if  appropriate  to  allow  fellow  scientist  to  profit  from  the  data. 
The  known  ability  of  zebrafish  brainstem  neurons  to  grow  across  CS-rich  areas  in  the  injured 
spinal  cord  makes  them  essentially  differentfrom  rat  neurons  that  are  unable  to  do  so.  Even 
conditioned  sensory  neurons  in  rat  are  notable  to  grow  across  an  established  scar  with  CS 
present.  Thus,  the  zebrafish  spinal  cord  injury  model  allows  us  to  study  gene  expression  in 
neurons  that  regenerate  their  axon  through  an  spinal  cord  injury  milieu  that  has  CS  present  as 
in  mammals  but  through  which  mammalian  neurons  cannot  extend  their  axon  (Months  1-18). 


Milestones: 

Specific  Aim  3.  Postdoctoral  Fellow  (tbd);  Dr.  Oudega's  laboratory. 

Month  1-6:  Gain  experience  in  spinal  cord  transection  and  tracing  surgeries.  Evaluate 
surgeries  using  histology.  Practice  LCM  technique. 

The  ACURO  approval  for  animal  use  as  described  in  Aim  3  was  reviewed  and,  after  some 
revisions,  approved  September  23,  2009.  A  Postdoctoral  Associate  was  hired  early 
September  to  perform  the  experiments  described  in  Aim  3.  The  Postdoctoral  researcher  is 
Katarina  Vajn  who  received  her  MD  and  PhD  degree  from  the  University  of  Osijek  in  Croatia. 
Several  surgical  approaches  were  tested  with  the  objective  to  keep  the  overall  damage 
minimal.  With  histological  analyses  we  were  able  to  select  the  least  invasive  surgical  approach 
for  injuring  the  spinal  cord  effectively.  We  are  now  well  on  our  way  to  investigate  in  detail  the 
evolution  of  the  injury-induced  scar  tissue.  The  results  from  this  study  will  support  execution  of 
our  time-course  experiment  for  retrograde  tracing. 


Month  7-12:  Start  tracing  brainstem  neuronal  subpopulations.  Collect  cells  with  LCM.  Collect 
mRNA  and  prepare  for  microarrays.  Hybridize  microarrays  (n=3). 

We  have  made  a  series  of  spinal  cord  injuries  using  different  approaches;  from  less  to  more 
invasive.  With  classic  histological  techniques  we  are  currently  investigating  which  one  of  these 
techniques  would  be  best  to  use  for  our  experiments.  Our  criteria  to  select  the  bestapproach 

li 


are  completeness  of  the  transection  and  amount  of  additional  tissue  loss.  Once  we  have 
chosen  our  approach  we  can  start  injuring  fish  and  backfill  brainstem  neurons  that  have 
regenerated  their  axon  beyond  the  injury.  We  have  established  a  collaboration  with  a 
laboratory  at  Pitt  that  owns  a  LCM  device.  We  can  freely  use  this  device  and  have  started 
practicing.  In  parallel  to  the  above,  we  have  optimized  histological  steps  such  as  fish 
perfusion,  spinal  cord/brain  collection,  and  cryostat  and  paraffin  sectioning.  Importantly,  we 
have  tested  a  variety  of  antibodies  for  their  usefulness  to  stain  zebrafish  spinal  cord.  Many  of 
the  widely  used  CNS  antibodies  cannot  be  used  for  zebrafish.  Incubation  time  and 
circumstances  as  well  as  concentrations  have  been  established  for  the  majority  of  these 
antibodies.  This  allowed  us  to  start  two  pivotal  experiments.  One,  we  will  investigate  the 
evolution  of  the  scar  tissue  that  forms  at  the  spinal  cord  transaction  site.  Precise  information 
on  the  scar  development  will  allow  us  to  identify  the  best  time  to  inject  the  tracers  and  correlate 
our  labeling  data  with  CS  presence  in  the  scar.  Two,  we  will  investigate  axon  regeneration 
from  brain  stem  neurons  in  time  after  a  spinal  cord  transection.  The  data  from  this  experiment 
will  allow  us,  in  combination  of  the  previous  experiment,  to  determine  the  optimal  time  pointfor 
tracer  injection. 

Microarray  analysis.  To  identify  genes  involved  in  axon  regeneration  from  brainstem  neurons 
in  the  injured  adult  zebrafish  spinal  cord,  we  will  analyze  the  gene  expression  profile  of  two 
neuronal  populations:  (1)  neurons  that  regenerate  across  an  injury  site  and  (2)  neurons  that 
have  not  undergone  regeneration.  Neurons  will  be  collected  from  injured  adult  fish  or  control 
adult  fish  using  laser  capture  microdissection  techniques.  Their  mRNA  will  be  isolated  and 
then  submitted  for  microarray  analysis  to  identify  genes  that  are  differentially  expressed.  In 
preparation  for  these  experiments,  we  have  begun  optimizing  ourRNA  purification  techniques. 
We  have  isolated  RNA  from  adult  zebrafish  brains  using  Qiagen's  RNeasy  Plus  Mini  Kit.  We 
have  also  performed  reverse-transcriptase  PCR  reactions  to  assess  the  quality  of  our  RNA 
using  (3-actin  primers  and  the  Superscript  III  First-Strand  Synthesis  system  (Invitrogen). 
Establishment  of  these  procedures  is  critical  to  the  development  of  techniques  used  in 
microarray  analysis. 


Key  Research  Accomplishments: 

(1)  Established  optimal  brainstem  culture  and  immunostaining  conditions. 

(2)  Observed  that  cultured  adult  brainstem  neurons  respond  differently  to  CS. 

(3)  Characterizing  culture  system  up  to  14  days  in  vitro,  including  growth  in  serum-free  media. 

(4)  Began  quantifying  neuronal  response  to  CS  data. 

(5)  Achieved  morpholino  delivery  into  cultured  cells. 

(6)  Established  minimally  invasive  surgical  techniques  for  spinal  cord  transection. 

(7)  Optimized  all  techniques  to  acquire  best  immunocytochemical  and  histological  staining. 
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(8)  Tested  antibodies  necessary  to  study  spinal  cord  injury  and  its  consequences. 

(9)  Started  to  evaluate  the  evolution  of  the  glial  scar  after  spinal  cord  transection. 

(10)  Started  to  investigate  the  time-course  of  axon  regeneration  beyond  a  transection  in  the 
spinal  cord. 

(11)  Established  techniques  to  retrogradely  label  brainstem  neurons. 

(12)  Started  to  collect  labeled  neurons  for  LCM. 

(13)  Began  gene  expression  studies  in  zebrafish  central  nervous  system  using  reverse 
transcriptase  PCR. 

Reportable  Outcomes: 

Meeting  Abstracts: 

See  Appendix  below 


Posters  presented: 

University  of  Miami  School  of  Medicine  Neuroscience  Research  Symposium  (Nov  2009) 


Establishment  of  a  primary  brainstem  neuronal  culture  from  adult  Danio  rerio 
as  a  model  system  for  CNS  axon  regeneration 

Francelcthla  Slubau'.  Mam  M'boge'.  LaToya  Leary'.  Taimi  Perea'.  Ana  Amador'.  Mart  Singer',  Alexis  TapanevCastillo'.  Martin  Oudega’.  Jeffery  Plunkett' 
'School  of  Science,  technology,  and  Engineering  Management.  St.  Thomas  University.  Miami  Cardens.  FL  ’Departments  of  Physical  Medicine  A 
Rehabilitation  and  Neurobiology  and  Center  for  Neuroscience  University  of  Pittsburgh,  University  of  Pittsburgh  School  of  Medicine,  Pittsburgh,  PA. 


I  Introduction 

In  conoraM  to  mamnuH.  adult  rabrefcth  (Ooiuo  reno)  recover  (untnwuH, 
from  a  confine  spinal  cord  Nyury  (SCI)  After  SO.  chondromn  curtate 
prot*o*Vcara  (CSPGs)  ai»  espressed  jt  the  injury  site.  CSPG*  ur  known 

to  inhibit  atonal  ri-ganartbon  in  the  —yuwd  namnaUn  spnai  cord 
Previous  work  has  demonstrated  tha*  brainstem  neurons  m  the  aduk 
icbraftth  regenerate  thaw  aaon  beyond  a  SO  Oespu*  the  pretense  erf 
dies*  inhibitory  molecules  Tim  ebrffly  O  not  common  to  a*  adsrfl 
ivbrafish  brarutem  neurom  Drflerent  braaistem  neuron  populations 
have  dKPnct  regenerative  responses.  nduOrg  tome  that  tad  to 
rrgenera te  to  fsether  investigate  how  awn  from  braartlem  neurons 
respond  to  CSPOs.  see  nuMshtd  a  primary  culture  system  using  adult 
bramnem  celts  from  weld  type  KbralVih  We  hypochetuad  that  os*  cubun 
w*  concern  different  neuronal  populations  that  wiH  respond  drfleeentiy  to 

CSPOs  presented  under  the  controOed  culture  condctons 


II.  Chondromn  Sulfate  Proteoglycans  (CSPOs) 

A  Whaler*  cseos?  •  known  CWGs  m  Hh 
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III.  Anatomy  of  the  rebrafSsh  brain 
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fV.  Met  hod  sB  ram  stem  culture 
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Southeast  Florida  Cell  Science  Undergraduate  Research  Symposium  (April  2010) 


Expression  of  CSPG  family  members  in  zebrafish 

Mam  M'boge,  laimi  Perez,  Francelethia  Shahazz,  Alexis  Tapancs-C'astillo  and  Jeffery  Plunkett 
School  of  Science,  Technology  and  Engineering  Management,  St.  Thomas  University.  Miami  Gardens,  FL 


I.  Introduction 
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carrot  Uiids  fiKU*c«  on  the  CSPG  neiaocan  In  mammal*,  ucwocan  Wirel, 
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V.  Experimental  Questions? 


It  R  prewlwci  Masted  agww.1  M  lll  i  (ranplHt 
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VII.  Conclusions 
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VIII.  Future  Directions 


-  lailiyc  Bciarean  acne  ocprasina  folliiwna  <puul  cord  mjrey 

-  f  amine  the  effect*  of  rdwafish  ocwwcan  on  neurile  outgrowth 

-  Determine  llw  lolt  ul  1.1  I.  a  fi.h  btren'lirewc  cf  nuinoislijn  I  I 


ft  t»  well  dec u mere cd  (hu  the  CSPG  mcmxjm  plan  a  critical  role  in  the 
inhi  Ntsrei  of  rctenerelun  o  nummali 
Dow  neuocan  affect  icgoMiluw  id  the  fnh* 

.  -nplili  ihc  nereccan  gene 


Urtfcre  11  »iim  SdftftB  Ire  Nr  oevaT  Pin  ..,k  I  * 

[wpaoreK  ofDrlnawpart  WltXWTIr«-NSft»to  JP 


9th  International  Meeting  on  Zebrafish  Development  and  Genetics  (J  une  2010) 


The  influence  of  chondroitin  sulfate  proteoglycans  on  neurite  outgrowth  from  CNK: 

primary  adult  neuronal  brainstem  cultures  %■ 

Alcan  Thpenes-Castilfo’,  Fiancelethia  Shabazz',  Katarina  Vajn',  Martin  Oudega',  Jeffery  Plunkett' 

'School  of  Science,  Technology,  and  Engineering  Management,  St.  Thomas  University,  Miami  Gardens,  FL  Departments  of  Physical  Medicine  & 

Rehabilitation  and  Neurobiologyand  Center  for  Neuroscience  University  of  Pittsburgh,  University  of  Pittsburgh  School  of  Medicine,  Pittsburgh.  PA. 


III.  Anatomy  of  the  zebrafish  brain 


V.  Results:  Differential  response  to  CSPGs  in  culture 
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II.  Chondroitin  Sulfate  Proteoglycans  (CSPGs) 
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VII.  Future  Directions 
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Student  Success: 

-  Undergraduate  students  from  St.  Thomas  University  and  the  Plunkett  Lab  have  or  will  be 
presenting  their  research  at  the  following  meetings: 

-  University  of  Miami  School  of  Medicine  Neuroscience  Symposium 

-  2nd  Annual  STEM  Undergraduate  Conference  at  Barry  University 

-  Southeast  Florida  Cell  Science  Undergraduate  Research  Symposium 

-  9th  International  Meeting  on  Zebrafish  Development  and  Genetics  (J  une  2010) 

-  Society  for  Neuroscience  Meeting,  San  Diego,  CA  (Nov.  2010) 

This  experience  has  enabled  students  to  gain  presentation  experience.  Undergraduate 
students  have  presented  posters  at  3  meetings  in  the  last  6  months. 

-  Lionel  Fonkoua  a  May  2009  graduate  has  been  accepted  to  medical  school  at  Penn  State 
University. 

-  Frances  Brlit  a  May  2009  graduate  has  been  accepted  to  the  DO  program  at  Nova 
Southeastern  University. 

-  Taimi  Perez  a  May  2010  graduate  has  been  accepted  to  the  Summer  Minority  Student  MCAT 
program  atthe  University  of  Miami  Miller  School  of  Medicine. 

-  Francelethia  Shabazz  student  and  technician  in  the  Plunkett  Lab  presented  a  talk  entitled 
'The  influence  of  chondroitin  sulfate  proteoglycans  on  neurite  outgrowth  from  primary  adult 
neuronal  brainstem  cultures"  at  the  5th  Annual  Southeast  Florida  Cell  Science  Undergraduate 
Research  Symposium. 

-  The  first  annual  Neuroscience  Consortium  meeting  was  held  J  anuary  22,  2010  at  St.  Thomas 
University.  This  meeting  brought  in  consortium  members  from  University  of  Pittsburgh  to 
discuss  progress  of  the  project.  Students  and  post-docs  from  both  institutes  benefited  from  the 
discussions  concerning  their  particular  aspect  of  the  project. 
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-  A  manuscript  entitled:  Establishment  and  characterization  of  primary  neuronal  cultures  from 
adult  zebrafish  brainstem.  Tapanes-Castillo  A,  Vajn  K,  Shabazz  F,  Oudega  M  and  PlunkettJ  A 
is  in  preparation  to  be  submitted  by  early  fall  2010. 


Conclusion: 

The  different  studies  within  this  proposal  (in  vitro  as  well  as  in  vivo)  have  been  progressing 
reasonably  well  according  to  the  described  milestones.  Some  technical/experimental  barriers 
were  encountered  and  these  needed  to  be  overcome.  This  was  accomplished  for  most  of  them 
and  is  still  in  progress  forfew.  Considering  our  previous  success  with  surmounting  these 
roadblocks,  we  are  confident  that  we  will  be  successful.  Thus,  in  conclusion,  we  are  well  on  our 
way  to  accomplish  the  goals  for  this  first  year  as  they  were  described  in  our  proposal.  This 
implies  that  at  the  end  of  the  18  month  period  we  will  have  1.  Analyzed  in  vitro  the  different 
brainstem  neuronal  populations  in  the  adult  zebrafish  and  their  behavior  in  response  to  CS;  2. 
Employed  Ll.l.  morpholinos  and  analyzed  their  effects;  3.  Analyzed  gene  expression  profiles  in 
neurons  that  do  and  those  that  don't  regenerate  their  axon  across  a  spinal  cord  transection  site. 
These  results  will  set  us  up  to  deeper  investigations  in  the  second  phase  of  our  proposal. 
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Appendices: 
Poster  Abstracts 


Shabazz,  F.,  M'boge,  M.,  Leary,  L.,  Perez,  T.,  Amador,  A.,  Singer,  M.,  Tapanes-Castillo,  A.,  Oudega, 
M.,  Plunkett,  J  .A.  (2009)  Establishment  of  a  primary  brainstem  neuronal  culture  from  adult  Danio  rerio 
as  a  model  system  for  C NS  axon  regeneration. 

\18th  Annual  University  of  Miami  Miller  School  of  Medicine  Neuroscience  Research  Day,  poster, 
University  of  Miami  Miller  School  of  Medicine,  Miami,  FL. 

In  contrast  to  mammals,  adult  zebrafish  ( Danio  rerio)  can  recover  from  a  central  nervous  system  (CNS) 
injury  and  resume  near  normal  swimming  behavior  about  three  months  after  a  complete  spinal  cord 
transection.  Strikingly,  we  found  that  recovery  takes  place  despite  the  expression  of  chondroitin  sulfate 
proteoglycans  (CSPGs)  at  the  injury  site.  CSPGs  are  known  to  be  expressed  in  the  CNS  after  injury 
and  prevent  axonal  regeneration  across  the  glial  scar  in  mammals.  However,  since  zebrafish  brainstem 
neurons  have  the  ability  to  regenerate  axons  past  the  site  of  injury,  our  data  suggest  that  unlike 
mammals,  zebrafish  can  regenerate  CNS  axons  across  a  CSPG-rich  environment.  Yet,  this  ability  is 
not  common  to  all  zebrafish  brainstem  neurons.  It  has  been  previously  reported  that  different  brainstem 
neuron  populations  have  distinct  regenerative  responses:  some  regenerate  after  injury,  while  others  do 
not.  To  further  investigate  how  brainstem  axons  respond  to  CSPGs,  we  established  a  primary  culture 
system  using  adult  brainstem  cells  from  wild-type  zebrafish.  We  hypothesize  that  our  culture  will  consist 
of  different  neuronal  populations  that  will  respond  differently  to  CSPGs  presented  under  the  controlled 
culture  conditions.  We  expect  some  neurons  will  extend  axons  across  CSPG-rich  areas,  while  other 
neuronal  populations  will  have  their  axons  repelled  by  CSPGs.  Future  experiments  aim  to  understand 
the  genetic  differences  between  brainstem  neuron  populations  that  exhibit  distinct  regenerative 
responses. 


Shabazz,  F.,  M'boge,  M.,  Leary,  L.,  Perez,  T.,  Amador,  A.,  Singer,  M.,  Tapanes-Castillo,  A.,  Oudega, 
M.,  Plunkett,  J  .A.  (2010)  Establishment  of  a  primary  brainstem  neuronal  culture  from  adult  Danio  rerio 
as  a  model  system  for  C NS  axon  regeneration. 

2nd  Annual  STEM  Research  Symposium,  poster,  Barry  University,  Miami  Shores,  FL. 

In  contrast  to  mammals,  adult  zebrafish  ( Danio  rerio)  recover  functionally  from  a  complete  spinal  cord 
injury  (SCI).  After  SCI,  chondroitin  sulfate  proteoglycans  (CSPGs)  are  expressed  at  the  injury  site. 
CSPGs  are  known  to  inhibit  axonal  regeneration  in  the  injured  mammalian  spinal  cord.  Previous  work 
has  demonstrated  that  brainstem  neurons  in  the  adult  zebrafish  regenerate  their  axon  beyond  a  SCI 
despite  the  presence  of  these  inhibitory  molecules.  This  ability  is  not  common  to  all  adult  zebrafish 
brainstem  neurons.  Different  brainstem  neuron  populations  have  distinct  regenerative  responses, 
including  some  that  fail  to  regenerate.  To  further  investigate  how  axons  from  brainstem  neurons 
respond  to  CSPGs,  we  established  a  primary  culture  system  using  adult  brainstem  cells  from  wild-type 
zebrafish.  We  hypothesized  that  our  culture  will  contain  different  neuronal  populations  that  will  respond 
differently  to  CSPGs  presented  under  the  controlled  culture  conditions.  Supported  by  the  NIH  EARDA 
program  and  U.S.  Department  of  Defense  grant  W81XWH-09-1-0403. 
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Following  spinal  cord  injury,  adult  zebrafish  have  the  ability  to  regenerate  axons  past  the  injury  site  and 
regain  most  of  their  motor  function,  including  swimming.  This  regenerative  ability  contrasts  with  that 
observed  in  mammals,  whose  central  nervous  system  neurons  (CNS)  cannot  regenerate  after  injury. 
Chondroitin  sulfate  proteoglycans  (CSPG)  are  proteins  that  are  expressed  at  the  site  of  injury  in 
mammals  and  impede  axonal  regeneration.  The  overall  goal  of  our  research  is  to  characterize  the 
molecular  composition  of  the  zebrafish  spinal  cord  before  and  after  injury.  Data  will  then  be  compared 
to  the  known  molecular  composition  of  the  injured  mammalian  spinal  cord.  We  hypothesize  thatCSPGs 
are  upregulated  in  the  fish  after  injury,  as  observed  in  mammals;  however,  in  contrast  to  mammals,  this 
CSPG-rich  environment  is  not  inhibitory  to  zebrafish  neurons.  Our  current  study  focuses  on  the  CSPG 
neurocan.  In  mammals,  neurocan  binds  Llcam,  an  immunoglobulin  superfamily  cell  adhesion 
molecule.  Llcam  is  important  for  axon  growth,  and  its  zebrafish  homolog  Ll.l  is  involved  in  spinal  cord 
regeneration.  Hence,  an  understanding  of  neurocan  expression  will  provide  insight  into  the  mechanism 
of  Ll.l-mediated  spinal  cord  regeneration  in  the  fish.  Using  a  bioinformatics  approach,  we  found  the 
zebrafish  homolog  of  mammalian  neurocan.  We  then  performed  PCR  to  amplify  zebrafish  neurocan, 
and  we  confirmed  the  identity  of  our  PCR  product  through  DNA  sequencing. 
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The  Influence  of  Chondroitin  Sulfate  Proteoglycans  on  Neurite  Outgrowth 
from  Primary  Adult  Neuronal  Brainstem  Cultures 
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1  St.  Thomas  University,  Miami  Gardens,  FL,  USA,  2  University  of  Pittsburgh, 
Pittsburgh,  PA,  USA 

In  contrast  to  mammals,  adult  zcbralish  (Danio  rerio)  recover  functionally  front  a  complete 
spinal  cord  injury  (SCI).  After  trauma  to  the  zebrafisli  spinal  cord,  chondroitin  sulfate 
proteoglycans  (CSPGs)  arc  expressed  at  the  injury  site.  It  has  been  well  documented  that 
CSPGs  inhibit  axonal  regeneration  in  the  injured  mammalian  spinal  cord,  thereby  contributing 
to  failed  functional  restoration.  Previous  work  has  demonstrated  that  some  brainstem  neurons 
in  the  adult  zebraftsh  regenerate  their  axon  beyond  a  SCI  despite  the  presence  of  these 
inhibitory  molecules.  This  ability  is  not  common  to  all  brainstem  neurons;  different 
populations  exhibit  distinct  regenerative  responses,  including  failure  to  regenerate  beyond  a 
SCI.  To  investigate  the  axon  growth  response  of  brainstem  neurons  to  CSPGs,  we  established 
a  primary  neuronal  culture  system  using  adult  brainstem  cells  from  wild-tvpe  zebratish.  We 
hypothesized  that  our  culture  would  contain  different  neuronal  populations  that  would  respond 
distinctively  to  CSPGs  presented  under  the  controlled  culture  conditions.  Our  results  revealed 
three  different  populations  of  brainstem  neurons  with  regard  to  their  response  to  CSPGs  in 
vitro.  One  population  extends  neurites  that  are  repelled  by  CSPG  contact.  The  second 
population  extends  neurites  uninhibited  into  a  CSPG-rich  area.  The  third  population  of 
brainstem  neurons,  which  can  be  found  on  CSPGs,  extends  neurites  exclusively  within 
CSPG-rich  areas.  Our  findings  validate  our  culture  system  as  it  shows  the  various  types  of 
brainstem  neurons  that  can  be  expected  from  previous  in  vivo  data.  In  addition,  our  results 
show  that  the  ability  to  grow  across  and  beyond  a  CSPG-rich  area  is  intrinsic  to  the  neuron 
suggesting  the  involvement  of  a  particular  set  of  axon  grow  th-related  genes. 
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Control/Tracking  Number:  2010-S-6281-SfN 

Primary  neuronal  brainstem  culture  from  adult  zebrafish:  interactions  with  an  inhibitory 
chondroitin  sulfate  proteoglycan-rich  environment 

AUTHOR  BLOCK:  A.  TAPANES-CASTILLO1,  F.  SHABAZZ1,  K.  VAJ  N2,  M.  OUDEGA2,  *]  .  A. 
PLUNKETT1; 

^tThomas  Univ.,  Miami  Gardens,  FL;  2Univ.  of  Pittsburgh,  Pittsburgh,  PA 
Abstract: 

In  contrast  to  mammals,  adult  zebrafish  ( Danio  rerio )  recover  functionally  from  a  complete  spinal  cord 
injury.  After  trauma  to  the  zebrafish  spinal  cord,  chondroitin  sulfate  proteoglycans  (CSPGs)  are 
expressed  atthe  injury  site.  Ithas  been  well  documented  thatCSPGs  inhibit  axonal  regeneration  in  the 
injured  mammalian  spinal  cord,  which  contributes  to  the  lack  of  endogenous  functional  restoration. 
Previous  work  in  our  laboratory  has  demonstrated  that  brainstem  neurons  in  the  adult  zebrafish  can 
regenerate  their  axon  beyond  a  spinal  cord  lesion  despite  the  presence  of  these  inhibitory  molecules. 
This  ability  is  not  characteristic  for  all  brainstem  neurons;  different  populations  exhibit  distinct 
regenerative  responses,  including  failure  to  regenerate  beyond  the  lesion  site.  To  investigate  the  axonal 
growth  response  of  zebrafish  brainstem  neurons  to  CSPGs,  we  developed  a  primary  neuronal  culture 
system  using  adult  brainstem  cells  from  wild-type  zebrafish.  We  hypothesized  that  our  culture  would 
contain  different  neuronal  populations  that  would  respond  distinctively  to  CS  PGs  presented  under 
controlled  culture  conditions.  Our  results  supported  this  hypothesis  revealing  three  different  populations 
of  brainstem  neurons  with  regard  to  their  response  to  CS  PGs  in  vitro.  One  population  outside  of  CS  PG- 
rich  areas  extends  neurites  that  are  repelled  upon  contact  with  CSPGs.  Another  population  outside  of 
CSPG-rich  areas  extends  neurites  thatgrow  into  and  across  the  CSPG  environment.  The  third 
population  remains  exclusively  within  CSPG-rich  areas  and  extends  neurites  across  CSPG-rich  areas. 
Our  results  suggest  that  the  ability  to  grow  across  and  beyond  a  CSPG-rich  area  is  intrinsic  to  the 
neuron.  This  ability  or  disability  to  grow  across  CSPGs  likely  involves  unique  sets  of  axon  growth- 
related  genes. 

This  work  is  supported  by  United  States  Department  of  Defense  grant  W81XWH-09-1-0403  to  J  AP . 
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Neurocan  mRNA  expression  following  CNS  injury  in  adult  zebrafish  (Danio  rerio) 


AUTHOR  BLOCK:  J.  A.  PLUNKETT1 ,  *A.  TAPANES -CASTILLO 1 ,  F.  SHABAZZ1 ,  K.  VAJN2,  M.  OUDEGA2; 

1  Sch.  of  Sci.,  St.  Thomas  Univ.,  MIAMI,  FL;  2Univ.  of  Pittsburgh,  Pittsburgh,  PA 

Abstract:  It  has  been  established  in  amphibians  and  fish  that  neurons  can  successfully  regenerate  their  axon  in  the  damaged  central  nervous  system  (CNS).  This  ability  often  is  accompanied  by  functional 
recovery.  The  regenerative  ability  in  amphibian  and  fish  contrasts  with  that  observed  in  mammals,  whose  neurons  fail  to  regenerate  their  axon  after  injury.  Regeneration  failure  in  the  mammalian  CNS  is 
due  in  part  to  the  presence  of  axon  growth-inhibitory  molecules  within  and  near  the  site  of  damage.  These  inhibitors  thus  prevent  the  formation  of  axon  circuits  that  could  be  involved  in  or  be  recruited 
for  motor  functions  resulting  in  functional  restoration.  We  have  previously  demonstrated  that  chondroitin  sulfate  proteoglycans  (CSPGs),  a  family  of  axon  growth-inhibitory  molecules  arc  present 
following  CNS  injury  in  adult  zebrafish.  One  of  the  better  known  members  of  this  family  of  growth-inhibitors  is  ncurocan  (Ncan).  Here,  we  have  expanded  our  initial  observations  using  molecular 
biology  techniques  to  investigate  the  expression  profile  of  Ncurocan  (Ncan)  following  CNS  injury  in  adult  zebrafish  (Danio  rerio).  Using  RT-PCR  we  revealed  a  specific  Ncan  mRNA  expression  pattern 
in  and  near  damaged  CNS  tissue.  Sequencing  of  amplified  product  has  confirmed  that  Ncan  is  indeed  up-regulated  in  response  to  CNS  insult.  Future  directions  include  the  development  of  an  alkaline 
phosphatase-tagged  Ncan  construct  that  will  be  used  to  investigate  specific  protein  interactions,  as  well  as  the  response  of  primary  neuronal  cultures  to  purified  zebrafish  Ncan. 

This  work  is  supported  by  United  States  Department  of  Defense  grant  W81XWH-09- 1-0403  to  JAP. 
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Vajn,  K.,  Tapanes-Castillo,  A.,  Shabazz,  F.,  Plunkett,  J.A.,  Oudega,  M.  (2010)  Molecular  and  cellular 
development  of  scar  tissue  in  the  injured  spinal  cord  of  adult  zebrafish  ( Danio  rerio).  40th  Annual 
Society  for  Neuroscience  Meeting,  San  Diego,  CA. 

Adult  zebrafish  ( Danio  rerio)  recover  from  functional  impairments  after  spinal  cord  injury  (SCI),  which  is 
due  at  least  in  part  to  successful  regeneration  of  brainstem  axons  across  and  beyond  the  injury  site. 
This  remarkable  restorative  ability  of  zebrafish  is  in  sharp  contrasts  with  the  failure  to  recover  function 
seen  after  SCI  in  adult  mammals.  One  of  the  mechanisms  underlying  this  inability  is  the  expression  of 
growth-inhibitory  molecules  such  as  chondroitin  sulfate  proteoglycans  (CSPGs)  in  scartissue  atthe  site 
of  injury,  which,  in  concert  with  the  cellular  architecture  of  the  scar,  obstruct  axonal  growth  and  thus  the 
formation  of  axonal  circuits  that  could  be  involved  in  functional  recovery.  One  possible  explanation  for 
successful  repair  after  SCI  in  adult  zebrafish  may  be  that  the  scar  does  not  develop  into  an  obstructive 
barrier  for  regenerating  axons.  Currently,  very  little  is  known  about  the  molecular  and  cellular 
development  of  scar  tissue  in  the  injured  spinal  cord  in  adult  zebrafish.  In  the  present  study  we 
analyzed  the  temporal  expression  profiles  of  several  members  of  the  family  of  CS  PGs  in  the  transected 
spinal  cord  of  adult  zebrafish.  Among  the  studied  CSPGs  are  NG2,  versican,  brevican,  neurocan,  and 
phosphocan.  NG2  expression  was  decreased  at  the  lesion  site  but  remained  highly  expressed  by 
motoneurons  throughout  the  spinal  cord.  The  expression  profiles  of  the  other  CSPGs  also  revealed 
distinct  characteristics.  These  results  together  with  the  developing  scar  cytoarchitecture  may  reveal  key 
aspects  explaining  the  observed  anatomical  and  functional  repair  after  SCI  in  adult  zebrafish.  This  work 
is  supported  by  United  States  Department  of  Defense  grant  W81XWH-09-1-0403. 
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